Electric adjustable height desks (EAHD) have been promoted as an opportunity for desk based workers to stand at work but there is limited evidence that they have an effect on light physical activity. OBJECTIVE: The main objective was to determine if there would be a change in light physical activity with the introduction of EAHD. The secondary objective was to assess if there was an associated change in leisure time activity. METHODS: Activity levels were measured by step counts, self-reported activity levels and pre-and post-trial recall levels. Statistical analysis of the data was performed with the software R. Generalised linear models were fitted to the data. A Poisson regression was used for count data. Statistical hypotheses were deemed significant if their p values were less than 0.05. RESULTS: There was a significant (p < 0.001) effect on step counts associated with allocation of EAHD and a significant (p < 0.001) increase in self-reported activity for the Intervention (EAHD) group. Having an EAHD was associated with increased activity during leisure (p = 0.039). CONCLUSIONS: Activity levels, especially light physical activity, were significantly increased with the allocation of an electric adjustable height desk. This pilot study showed that the environmental change of introduction of electric adjustable height desks into an office workplace can increase physical activity and reduce sitting durations. There is limited evidence that the increase in work activity has a positive impact on leisure time activity.
Introduction
Prolonged static postures have been recognised as a contributor to musculoskeletal discomfort (MSD) since Ramazzini's recorded observations in the 17th population [6, 7] , more than half is spent sedentary [8] . Since work time accounts for almost half of the daily total [9] [10] [11] [12] the workplace has been identified as an opportunity for reducing overall sedentary time and for introducing physical activity.
Sedentary occupations have been recognised as a health risk as long ago as 1958, when Morris et al. [13] showed a link between heart disease and reduced physical activity at work. More recent research has reported that sedentary behaviour may be linked to an increased risk of detrimental health effects such as diabetes, cardiovascular disease and possibly cancer [8, [14] [15] [16] [17] [18] [19] . Sedentary behaviour is defined as any waking behaviours that are done sitting or reclining and cost ≤1.5 times the basal metabolic rate [20] . Current recommendations [19, 21, 22] , point to increasing the number of breaks in sedentary time as well as decreasing overall sedentary time. Adjustable height desks (AHD) have been promoted as an environmental intervention to reduce workplace sitting by allowing the worker to switch between sitting and standing whilst engaged in work [19, 23, 24] .
There is a growing body of evidence to support the beneficial effects of the use of AHDs at work. However, there are gaps in the literature. Only a few studies have been long term (over seven weeks) [5, 22, [25] [26] [27] [28] allowing for evaluation of continued and sustainable change at work. Several studies have been part of workplace health promotions to reduce occupational sitting ((Stand Up Australia series 2009, 2011, 2012 [28-30] ; Stand up Victoria 2013 [31] ; Stand @ Work Study 2012 [32, 33] ; Stand Up Sit Less Move More [28, 34] ; the North American Take A Stand Project 2011 [25] ) or involved staff who would have had prior knowledge of the detrimental effects of workplace sitting [25, 26, 32, 33] . A number of studies used desk mounted workstations, not desks, to facilitate standing at work [22, 25, 26, 28, [32] [33] [34] [35] [36] . Other studies had different styles and types of AHDs, including electrical and mechanical adjustments in their studies [37] [38] [39] so there is lack of homogeneity of desk types in the studies.
Although the outcomes of research consistently demonstrate a reduction of sitting time in office settings with AHD, there appears to be a lack of consensus in the literature on changes to sitting and standing times. In a review of fourteen studies on AHDs prior to 2009, Karakolis et al. [40] reported that the ratio of standing to sitting varied amongst the studies. Increases in time spent standing to between 21% and 23% of the work day with the introduction of AHD have been reported [36-38, 41, 42] . However, in an observational study of office and leisure activity, Thorp et al. [29] reported 77% of working hours were sedentary, which left up to 23% of work time not sitting, without any intervention. Tobin et al. [36] reported the same measurements as Thorp et al. [29] at baseline before the introduction of an adjustable workstation. Ryan et al. [43] measured sitting patterns at work and reported a mean of 66% (SD 12%) of the working day was spent sitting. Straker et al. [39] found that 21.5% of the day was standing with a sit-stand desk compared to 16.2% of the day with a conventional fixed sitting height desk. Using an accelerometer van Dommelen [12] recorded white collar workers sitting for between 76-80% of their occupational time. The results from these studies [12, 29, 36] support the baseline of normal sitting and standing patterns at work.
Studies on sedentary behaviour at work have mainly used a dichotomous measurement of either sitting or standing. Messing et al. [44] have cautioned on the emphasis on standing as a measure of success for studies reducing sedentary behaviour due to the adverse health effects of prolonged standing. Physical inactivity [1, 45] and lack of decision latitude to change postures is associated with increased MSD and adverse health effects [46] . Prior to this study there was a lack of research on changes of light physical activity with the introduction of AHD, however recent studies [30, 35, 36] have examined the effects on light physical activity and stepping. While acknowledging the benefits of moderate to vigorous physical activity, an increase in incidental movement has the potential to have positive health benefits [8, 21, 47] .
Previous research on physical activity has identified a complex relationship between activity levels in the domains of work and leisure. People in active occupations were likely to be engaged in less leisure activity [48] but still meet daily activity requirements. McCrady et al. [49] found work days being associated with more sitting, and noted personal traits could be a predictor of activity levels. Workers engaged in sedentary occupations may not compensate with higher leisure time activity [35, 50] . The increasing sedentariness of workplaces has been identified as a factor in reducing overall activity levels [11] and workplaces have therefore been focus of attention for physical activity programmes. However, there is limited evidence that workplace physical activity promotion has shown an increase in leisure activity [51] .
In summary, the gaps in the literature have been identified as: few long term studies in a natural office setting with electric adjustable height desks (EAHD) using randomised control subjects; no studies to assess changes in light physical activity with the allocation of an EAHD in an office workplace setting where participants are allowed to change their postures as they choose. In addition, to date there have been few studies on whether increasing activity at work with the allocation of an EAHD would have any effect on leisure time activity.
The primary aim of this study was to determine if the allocation of EAHDs in a real world office setting would influence activity during work hours by increasing light physical activity and reducing sitting. The only intervention was the allocation of EAHDs. A secondary aim was to determine if the allocation of an EAHD had any effect on leisure time activity levels.
Methods

Study design
The study was a randomised controlled field trial of the introduction and use of EAHDs in a branch of a medium sized energy company in Hastings, New Zealand. The company has approximately 170 staff with 60% male and 40% female staff. Before the start of the study, all study participants used traditional fixed sitting height desks (FSHDs) and had been given a workstation assessment by a physiotherapist as a standard part of their initial company orientation.
The company requested the project before they committed to purchasing further desks as at that time there was scant evidence to support the benefits of the use of EAHD in workplaces.
The study was approved as a Low Risk Notification by Massey University Human Ethics Committee.
Participants and adjustable height desks
All staff were invited to express their interest in participating via the company intranet. Twenty seven responded. Twenty four (12 female; 12 male) met the inclusion criteria (greater than 0.8 Full Time Equivalent, ambulatory with no history of significant illness or injury) and were selected to participate. They all provided prior written informed consent. None were current smokers. Eight reported no previous or current musculoskeletal discomfort. Sixteen reported occasional back or shoulder discomfort. None had previously used an AHD. They were all either pro- The participants were randomly divided into two groups of twelve by self selection of coded envelopes-an Intervention group who were allocated EAHDs (Espace Blake electronically height adjustable workstation 2000 × 1200 × 700 mm with left or right hand returns) and a Control group who retained their FSHDs. The Intervention group comprised seven females and five males. The Control group comprised five females and six males (one male withdrew due to a non-work-related injury) ( Table 1 ).
All of the EADHs were installed on the same day by the same technician and participants were given instruction on the adjustable height functions. Within a week of EAHD installation each member of the Intervention group was given a workstation assessment by a physiotherapist for standing desk use by the first author (JP). The Control group were not given information on standing desks. None of the participants were given any information about current research findings on the effects on health of prolonged sitting or the potential role of AHDs.
Data collection
The study was run from July to October 2013. Prior to the start of the study all participants were allocated individual pedometers and physical activity diaries (PADs). They were fully briefed on how and when to use them. Pedometer and PADs data were collected on one working day at fortnightly intervals over 16 weeks. Eight separate days of data were collected for all participants, the first two days of data were collected at baseline and just prior to the installation of the desks at the beginning of week three, and subsequently data was collected at fortnightly intervals on six additional days for both groups. In addition, a pre-and post-study questionnaire was completed by all participants at baseline and after the study. In summary, physical activity was assessed by step counts, self-reported activity on PADs and comparison between pre-and post-trial questionnaires. Leisure activity and tiredness were measured by preand post-study questionnaires.
Step counts
Step counts were self-recorded by all participants on their PADs for the time they were at the workplace on the data collection days. A total work day count was recorded. Average step counts were calculated for each participant from their recorded steps. Daily averages for each group were calculated for the data collection days. Both the Intervention and the Control groups had two averages calculated-the first was for the period prior to EAHD being allocated (i.e. two collection days) and the second was after EAHDs were allocated (i.e. six collection days).
Pedometers
Pedometers (Keep Walking-Stay Fit, made in China) supplied by the workplace were used to record daily readings of step counts. They were individually pre-calibrated by the first author (JP) on a 100 m track and found to vary by up to 4 steps for repeated trials.
Pedometers were chosen as they are an objective low cost measure of ambulatory data. They have been shown to relate positively to self-reports of physical activity [52] .
Physical activity
Physical activity data was collected by individual step counts on one day per fortnight as well as selfreported activity levels on the same day. In addition, individual physical activity was self-assessed in the pre and post-study questionnaires.
Physical activity diaries
On one day per fortnight all participants completed the self-report PAD to record the predominant activity for the preceding 15 minutes in the following categories: sitting; standing still; standing and moving less than 1.5 m; and standing and moving more than 1.5 m. This provided an indication of level of activity. Desk height was also recorded by the Intervention group at 15 minute intervals for two levels-high or low. This was used for verification of the reported activity. The Control group did not have to record desk height as their desks heights were constant. Prior to each data collection day the participants were sent an email reminder. The PADs were submitted on paper or electronically. From the PADs frequency count data was obtained for each of the activity levels: sit: standing still; standing and moving less than 1.5 m; standing and moving more than 1.5 m.
The PADs are time use diaries used to record office task and posture/activity for the time participants spent at their desk during the work day, at 15 minute intervals. Laperrière et al. [53] used a similar measure as a self-report of movement for their study on validity of questions on working posture.
Pre and post-study questionnaire
Pre-and post-study questionnaires were used to obtain self-reports on activity levels and tiredness after work. The pre-study questionnaire was administered at baseline during the information meeting prior to the participant's awareness of their allocation to Control or Intervention group. The post-study questionnaire was administered at a meeting at the end of the 16 week data collection period. In the questionnaire, participants were asked to rate their work postures (sitting, standing, walking) and 'tiredness after work' on a five point Likert scale (never; seldom; sometimes; often; always) over the previous month. They were also asked to rate their 'physical activity during leisure time against others of the same age', with a five point Likert scale of response categories (much more, more, same; less, much less).
Questions for activity and tiredness were taken from the Baecke questionnaire for habitual physical activity [54] . The Baecke Questionnaire measures occupational and leisure physical activity as well as locomotion activities in a five point scale. Although there have been several studies [55] testing the validation and reliability of the full questionnaire, the reliability and validity for a shortened questionnaire has not been assessed. The Questionnaire has not previously been used for pre and post intervention studies.
Statistical analysis
The impact of group (Intervention or Control), gender, activity type, pre-/post-desk allocation and week were analysed using R3.1.2 (R Core Team, 2014) . A generalised linear model with a log link function was used for all response variables that were counts.
Statistical hypotheses were deemed significant if pvalues were less than 0.05.
Frequency counts of the four activities were analysed with the other variables of Group (Intervention or Control), Gender, Week and Individual using a Fisher's Exact Test, which was used because of the small sample size. Mean counts were examined and proportions were calculated for Group (Intervention or Control) and Gender for each week. With respect to the analysis of pre-and post-questionnaires, each activity was analysed using a Fisher's Exact Test. A change in perspective variable was created for each individual: a positive value for an increase between the pre-study and post-study reported activity; a negative value for a decrease; and a zero value indicated no change between the pre-and post-study self-reports of activity.
Fisher's Exact Test was also used for Tiredness after Work and Leisure activity. As Gender was found to be significant, a Fisher's Exact Test was done for Gender and Leisure. P-values were calculated for the Fisher's Exact Tests.
Results
The use of EAHD was significantly associated with increases in workplace activity for pedometer step counts, light intensity activity during work and reported activity levels from the post-study recall questionnaires. The Intervention group also reported significantly increased levels of leisure time physical activity in the post-study questionnaire. Although the sample size was small there were differences in pattern of movement for gender for activity levels at work and reports of leisure activity. Specific detailed findings are given below.
Step counts
Overall there was a significant (p < 0.001) effect on step counts associated with allocation of EAHD ( Fig. 1) with increase of daily step counts for the Intervention group. However, this difference depends on the individual's gender (p < 0.001) There were individual differences in step counts for all participants [range 170 to 18154 steps per day], independent of having an EAHD. Females had higher step counts than males.
Step count data for the Intervention group had two peaks, at initial allocation of the AHD and again at data collection weeks five and six of the intervention. The Control group also demonstrated an increase in weeks five and six. The step count levels stabilised by the end of the trial.
Activity at work
Data from physical activity diaries
There was a significant (p < 0.001) increase in selfreported activity for the Intervention (EAHD) group Fig. 1. Step counts for Intervention group pre and post allocation of EAHD and Control group for all of study period. from the fortnightly PADs, with significant increases in standing still (p < 0.001), standing and moving less than 1.5 metres (p < 0.001) for females and standing and moving more than 1.5 metres (p < 0.001) for males. Females who were allocated an EAHD reported less standing still (p < 0.001) than males and more standing and moving less than 1.5 metres.
Females allocated an EAHD did not exhibit change in their levels of standing and moving >1.5 metres but increased their activity <1.5 metres whereas males demonstrated an opposite effect by increasing their activity >1.5 metres and maintaining their activity <1.5 metres (Table 2) . Individuals in the Intervention group showed greater week by week variation in their reported activity levels than the Control group.
Data from pre and post study
questionnaires Perceived changes in activity levels from the pre-and post-questionnaires showed significant (p = 0.038) interaction for the Intervention group with EAHD and physical activity compared to the Control group. Gender was found not to be significant for this analysis and is not presented.
From the pre-and post-questionnaires the Intervention group reported an increased frequency for both moving and standing. However, there was still a 50% reported rate of 'often' for sitting, showing that there was a difference between the recorded data and the perception of the participants on their recall reports of activity levels in the post-study questionnaire. The Control group reported higher rates of sitting than the Intervention group recording either 'always' (40%) or 'often' (60%) and this was supported by their recall reports.
A Fisher's Exact Test for frequencies for recalled workplace activity over the previous month is presented in (Table 3) .
For all three activities of sitting, standing and walking at work over the previous month there were more positive changes for the Intervention group indicating increased activity. It was more significant for standing (p = 0.027) and walking (p = 0.0197) than for sitting (p = 0.169).
In contrast there were no significant changes in reports of feeling tired after work (p = 1.00) for either of the two groups. One Intervention subject reported a positive on the Fisher's Exact Test, three reported a reduction of tiredness and eight subjects reported no change. Seven of the Control subjects reported no change and four subjects reported a reduction in tiredness. This implies that having an EAHD did not result in increased subjective tiredness, despite reports of increased activity at work for the Intervention (EAHD) group.
Leisure activity
There is evidence to suggest that having an EAHD was associated with increased activity during leisure (p = 0.039). The Fischer's Exact Test (Table 4) indicates that the perceived changes from Pre to Post trial are significantly different for the Control and Intervention groups with only one person of the Intervention group reporting a perceived reduction in leisure activity.
There was gender bias with females in the Intervention group more likely to report being active than males in the Intervention group (p = 0.02). Similarly males in the Intervention group were more likely to report being active than males in the Control group. However, when further examined with the Fisher's Exact Test there was not enough evidence (p = 0.422) to suggest the changes had a relationship with gender. In this study females reported a lesser change in leisure activity, while males reported an overall perception of increase of activity irrespective of being in the Intervention or Control groups.
Discussion
This study was a field based trial of office workers using EAHDs in a natural office setting. Despite the small sample size the findings of the study supported the hypothesis that the introduction of EAHDs as a specific intervention is associated with increased physical activity and reduced sitting time in the workplace. The results also indicated an increase in leisure time activity for the Intervention group.
Pedometer step count levels demonstrate an increase in activity by the Intervention group as they stepped more than the Control group in the period of the allocation of EAHD. This shows the introduction of EAHD had an effect on workplace activity as measured by step counts. The average work day step counts in the present study were fewer (intervention 4287 ± 2379; control 3988 ± 3042) than a previous New Zealand study which collected data on workplace step counts using pedometers [56] , where office workers recorded 5380 ± 2730 steps during a working day. However, the step count was higher than recorded in an Australian study of white collar university employees [57] (3616 ± 1519 steps/working day) and higher than the one day baseline recordings by Tobin et al. [36] (2435 SD1026). The authors [56, 57] cautioned that the pedometer may have acted as a physical activity promoter for their studies, both of which were over three consecutive working days. As the present study lasted for over four months any physical activity promotion effect is likely to have been low. Further, the Control group did not exhibit an overall change in their step counts over the study period.
Pedometers were used as they were easily accessible, were unobtrusive and the participants had previous experience in using pedometers at the workplace. They were used in the present study in an effort to obtain objective data and to complement the subjective self-report PAD data, since Thorp et al. [58] cautioned against reliance on recall measures for physical activity. Pedometers do not capture low level activity which is possible with more sophisticated devices such as accelerometers and inclinometers [59] . Other studies on AHDs and sitting have used self-reports for activity [5, 11, 25-27, 37, 60-62] in conjunction with objective measures. Not all studies reported units of time used in activity diaries but those that did varied from 5 minute intervals [63] to end of day recall of hours and minutes [60, 62] . Time units of 15 minutes were used in this study to encourage compliance and minimise interference with productivity. For their study on reliability on time use surveys Rhodes et al. [64] questioned the validity of self-reports but Ellegast et al. [5] , in a study of assessment of physical activity at work, found a significant correlation between self-reports and objectively measured activity. In the present study the PAD was completed during the designated measurement day, along with the pedometer readings, and did not rely on recall of prior activity. In contrast the preand post-questionnaires about physical activity were subject to recall bias, but the participant's answers reflected their overall activity.
Analysis of the fortnightly PAD showed the EAHD Intervention group sat for half as long as the FSHD Control group. (Intervention 35% of work time; Control 77% of work time.) Thus, the allocation of an EAHD was strongly associated with reduced sitting times. Other studies [22, [34] [35] [36] obtained similar results, where sitting times were also halved for an intervention group in comparison with a control group in which sitting times remained unchanged. The recorded sitting times of the Control group (77%) in the present study were in agreement with the findings of baseline studies of activity in the workplace [12, 26, 36] .
Time spent standing still was negligible for the Control group (less than 1%), whilst it increased to 16% of work time for the Intervention AHD group. Healy et al. [34] reported standing times doubled for the intervention group who were allocated desk mounted workstations and showed a slight reduction for their control group. Increased physical activity for the Intervention group was similar to the study by Healy et al. [34] which found light physical activity (i.e. standing and walking) for the intervention group was double that for the control group. However Tobin et al. [36] found no significant differences for time spent stepping or number of steps taken after four weeks of use of a sit stand workstation. There were interesting variations between the baseline readings for the Intervention group against the Control group. The Intervention group recorded less sitting during the pre-allocation of the desks. All participants had already been allocated pedometers during this time, however the anticipation of the allocation of an AHD may have encouraged the Intervention group. There was not any evidence of demotivation by the Control group, many of whom had seen the trial as an opportunity to trial an AHD. The length of the study was deliberate to reduce the Hawthorne effect and as the Intervention Group showed a consistent increase in activity over a prolonged period it seems unlikely there was any Hawthorne effect. There was a gender difference in the Intervention group of daily selfreported activity with males reporting sitting less and standing still more than females. Intervention females were almost twice more likely to move less than 1.5 m than Intervention males. This gender activity difference is difficult to explain. The Control group did not have any significant gender differences for activity levels. Although there was an almost equal mix of males and females in the trial, the total number of participants was small, so it was unlikely that significant gender effects would be found. In contrast, Straker et al. [39] , in a one-shift study of 131 call centre employees (female n = 91), reported that a reduction in sitting was most notable in females. Van Dommelen [12] noted there was a gender difference with females spending more time in light intensity physical activity and had less sedentary time than the males in her studies. Other studies have not had a significant gender mix so there is little evidence to support a gender difference in changes of activity or reduced sitting. Any future field based studies should aim to examine gender differences more thoroughly as this may provide for targeted workplace activity interventions.
According to the fortnightly physical activity diary the Intervention group sat less, walked more and stood more at work than the Control group. However, the recall questionnaire from the post questionnaire indicated Intervention participants recalled more sitting than their fortnightly physical activity diary records. The Control group showed more correlation in their recall as there was minimal change in their activity levels as measured by both PAD and step counts. The Intervention group may have a lack of self-awareness of their activity levels. This may have been due to the intermittent recording of daily activity as it was only one day per fortnight and the use of fifteen minute intervals used to record their predominant activity in that time period. There would have been more variation of activity than the time period allowed for reporting. The lack of detail in activity recording would have been countered with the use of more sophisticated measuring devices such as accelerometers or observational studies, both of which could influence activity. Future field based research should also consider including the use of an objective desk-linked measurement device to record desk level changes which will give further objective information about the transitions from sitting to standing levels.
No other environmental or behavioural interventions were employed to promote physical activity or encourage the participant's use of EAHDs. Several studies [65] [66] [67] have noted a significant decrease in sitting times associated with ergonomics awareness. In contrast, although Straker et al. [39] found modest decreases in sitting time associated with AHDs, no significant differences were found with 'ergonomics awareness training', analogous to education/information provision. Several studies [22, 25, 26, 33, 35, 36] , used desk mounted workstations in the workplace and showed substantial reductions in sitting time at work. However some of these studies involved non-randomised participants who were employed in health related roles and were not considered to be representative of the general population as they had prior knowledge about the evidence on the effects of prolonged sitting. Dutta's subjects were reminded weekly to stand for more than half their work day [35] . Participants in this study were unaware of current research (measured by two pre-and post-study open ended health awareness questions). Thus, for this study changes in activity could be considered to be primarily associated with having an EAHD.
Tiredness after work was reported in self-reports pre-and post-trial. Despite significant increases in perceived physical activity at work, three Intervention participants reported feeling less tired while eight reported no change. Four of the Control group reported feeling less tired and the rest reported no change. Other studies have used various constructs for tiredness and fatigue. Hasegawa et al. [68] has questions on drowsiness, motivation and muscle fatigue and reported a reduction when subjects were allowed to move. Pronk et al. [25] reported 87% of subjects felt more energised with the allocation of the sit-stand workstation however, the effect was not sustainable and returned to baseline with the removal of the workstations. Husemann et al. [69] noted there was a dual cost of standing and working in a five-day laboratory study and expected an increase in reported tiredness but there was no significant change. A longer field based study [5] reported participants felt more awake with the use of standing workstations. Dutta reported there was no compensatory increase in sitting during non-work hours despite increased standing during work hours [35] . The allocation of EAHD did not have an impact on reports of tiredness indicating there is not a negative effect of increased physical activity at work.
A self-evaluation question on leisure activity levels was asked in the pre-and post-trial questionnaire. There was a statistically significant increase in perceived leisure activity for the Intervention group who also had increased levels of workplace physical activity during the trial. There was no reported increase in leisure activity for the Control group who had no increase in workplace physical work activity during the trial. In a study on a workplace physical activity intervention [51] there was a minor increase in physical activity for the intervention group at 12 month follow up. A recent study on adjustable height workstations [33] reported a reduction in television viewing time (as an indication of leisure sitting) for the intervention group and no change for the control group. Further objective research with larger sample size is needed to examine if increases in workplace activity have a positive effect on non-work activity levels. A direction for future research could be identifying the individual personality factors which influence the activity levels at the workplace. This would have implications for encouraging activity for less active, and therefore, more at risk individuals.
This study has several strengths. It was conducted in a natural office setting with participants who were located through the workplace in both single or open plan offices and not clustered therefore not providing group peer pressure on activity levels. Another strength was that participants were allowed to select their own postures whilst working. This differs from previous studies in which participants were directed when to sit or stand and for specific durations [35, 66, 69, 70] . The only incentive for the participants to participate in the study was a chance to try a different desk from their traditional sitting desk. In the present study, the only intervention was an environmental modification -no behavioural modifications were used. This was a conscious choice in study design of this trial. It is already known that educational training (i.e. a behavioural modification) about the health benefits of AHDs can produce enhance usage [28, 34, 67] Despite the EAHD being the only intervention in the present study, the results of this randomised controlled field trial support subsequent studies to show that an environmental modification, without a contemporaneous behavioural modification, can cause a significant change in workplace activity.
Furthermore, the intervention was randomly assigned, controlled and carried out over 16 weeks. Most previously reported field trials have been over 4 weeks and have used desk mounted workstations, not desks [22, [26] [27] [28] [32] [33] [34] [35] [36] . There was a good representation of males in the study as some previous studies have been gender biased which makes comparisons difficult.
A limitation of the present study was the small sample size, but this is common in realistic field studies. It is difficult to do robust statistical analysis of small sample sizes, however the results obtained in this study reflected other study findings. Other limitations were the lack of sensitive objective and subjective measurements. Like us, Gilson et al. [71] also reported a disparity in objective and subjective reports of standing desk use. Although pedometers have been shown to give an indication of activity, they, like accelerometers, are not sensitive enough to distinguish between standing still and sitting which is an important difference in occupational sitting research. For this reason, the present study did not attempt to distinguish between standing still and sitting. Selfreports were not sensitive enough to capture possible incidental changes in movement despite the use of manageable time units. One of the advantages of the present study was that it was conducted in a real workplace. However this also acted as a constraint because work took priority and the collection of data was limited so as not to interfere with productivity. Although questions on leisure time and tiredness were adapted from validated questionnaires, they were not assessed for reliability and validity, so our findings concerning leisure time should be explored more fully in a separate study.
Conclusions
This randomised controlled field pilot study has shown that the introduction of EAHDs in the workplace is associated with an increase of physical activity levels and reduced sitting times for office based workers. This statistically significant increase in light activity was a result of a passive intervention of environmental modification of introducing EAHDs and did not require behavioural modification by the participants. Participants using the EAHDs in this study also reported an increase in their leisure time activity levels. By using an EAHD at work there is a positive effect on worker's overall health by increasing light physical activity and reducing sitting, and there is evidence that the increase in work activity has a positive impact on leisure time activity.
